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(57) ABSTRACT

An exemplary locomotion analysis method includes steps of:
acquiring a depth map including an image of a measured
object, filtering out a background image of the depth map
according to a depth threshold, finding out the image of the
measured object from the residual image of the depth map,
calculating three-dimensional (3D) coordinates of the mea-
sured object according to the image of the measured object
has been found out, recording the 3D coordinates to recon-
struct a 3D moving track of the measured object and perform-
ing alocomotion analysis of the measured object according to
the 3D moving track. Moreover, an exemplary locomotion
analysis apparatus applied to the above method also is pro-
vided.

8 Claims, 3 Drawing Sheets
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1
LOCOMOTION ANALYSIS METHOD AND
LOCOMOTION ANALYSIS APPARATUS

TECHNICAL FIELD

The present invention generally relates to the biomedicine
field and, particularly to a locomotion analysis method and a
locomotion analysis apparatus with high accuracy.

BACKGROUND

Nowadays, in the biological medical industry, life science
research and agriculture animal technology, the animal loco-
motion analysis has become an indispensable work. In tradi-
tional locomotion analysis technology of animal behavior,
most of solutions use manual method, sensor array or camera
to obtain the location of a measured object, and then identifies
the location of the measured object by manual analysis or
automatic algorithm.

However, the manual manner not only is time-consuming
and high-cost but also lack of objectivity. The use of sensor
array (e.g. the resistive-type touch device or the capacitive-
type touch device) would result in excessively large-sized
analysis apparatus and unfriendly maintenance, and the price
of such sensor array generally is expensive. Additionally, in
the situation of single camera being used to obtain the loca-
tion of the measured object, only the two-dimensional loca-
tion of the measured object can be obtained and it is easily
interfered by the light shadow change and background fac-
tors. If multiple cameras are used to obtain the location of the
measured object, it is still difficult to obtain the third-dimen-
sional location of the measured object resulting from the
synchronization problem, and also is difficult to obtain the
pose information of the measured object at the side facing
away from the camera for pose reconstruction resulting from
the limited field of view of the camera. Accordingly, it is
difficult to achieve accurate 3D moving track and pose recon-
struction.

SUMMARY OF EMBODIMENTS

Therefore, an objective of the present invention is to pro-
vide a locomotion analysis method, capable of automatically
and accurately detecting a three-dimensional (3D) moving
track of a measured object for locomotion analysis.

Another objective of the present invention is to provide a
locomotion analysis apparatus with low cost.

More specifically, a locomotion analysis method in accor-
dance with an exemplary embodiment includes following
steps of: acquiring a depth map including an image of a
measured object, filtering out a background image of the
depth map by use of a depth threshold, then finding out the
image of the measured object from the residual image of the
depth map, calculating 3D coordinates of the measured object
according to the image of the measured object has been found
out, recording the 3D coordinates to reconstruct a 3D moving
track of the measured object, and performing a locomotion
analysis of the measured object according to the 3D moving
track.

In one exemplary embodiment, before the step of finding
outthe image of the measured object from the residual image,
the locomotion analysis method further includes a step of
performing a noise reduction operation to filter out noise
points in the residual image.

In one exemplary embodiment, the step of performing a
noise reduction operation includes sub-steps of: finding out
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the noise points in the residual image by use of an object size
threshold, and filtering out the noise points have been found
out.

In one exemplary embodiment, the step of finding out the
image of the measured object from the residual image
includes sub-steps of: labeling the residual image of the depth
map by using a connected-component labeling algorithm to
obtain multiple labeled sections, determining whether one of
the labeled sections is matched with the measured object, and
regarding the corresponding labeled section as the image of
the measured object.

In one exemplary embodiment, the step of determining
whether one of the labeled sections is matched with the mea-
sured object includes determining each of the labeled sections
whether has a size and a shape matched with that of the
measured object.

In one exemplary embodiment, the step of calculating the
3D coordinates of the measured object includes sub-steps of:
calculating a mass center o gravity center of the measured
object, and calculating the 3D coordinates of the measured
object according to the mass center or gravity center.

In one exemplary embodiment, the locomotion analysis
method further includes a step of: performing a partial feature
analysis to the measured object according to the mass center
or gravity center to reconstruct a pose of the measured object.

A locomotion analysis apparatus in accordance with
another exemplary embodiment includes a 3D image capture
device and a computer device. The 3D image capture device
is configured (i.e., structured and arranged) for sensing a
measured object to obtain a depth map including an image of
the measured object. The computer device is electrically/
electronically connected to the 3D image capture device, and
is configured for acquiring the depth map, filtering out a
background image of the depth map by use of a depth thresh-
old, finding out the image of the measured object from the
residual image of the depth map and calculating 3D coordi-
nates of the measured object according to the image of the
measured object has been found out. The computer device is
further configured for recording the calculated 3D coordi-
nates to reconstruct a 3D moving track of the measured object
and performing a locomotion analysis of the measured object
according to the 3D moving track.

In one exemplary embodiment, the computer device is
further configured for performing a noise reduction operation
to filter noise points in the residual image before finding out
the image of the measured object.

In one exemplary embodiment, when the computer device
performs the noise reduction operation, the noise points are
found out by use of'an object size threshold, and then the noise
points have been found out are filtered out.

In one exemplary embodiment, during finding out the
image of the measured object from the residual image, the
computer device labels the residual image of the depth map
by using a connected-component labeling algorithm to obtain
multiple labeled sections, determines whether one of the
labeled sections is matched with the measured object, and
regards the corresponding labeled section as the image of the
measured object.

In one exemplary embodiment, when the computer device
determines whether one of the labeled sections is matched
with the measured object, each of the labeled sections is
determined whether has a size and a shape matched with that
of the measured object.

In one exemplary embodiment, when the computer device
calculates the 3D coordinates of the measured object, a mass
center or gravity center of the image of the measured object is
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firstly calculated and the 3D coordinates of the measured
object are then calculated according to the mass center or
gravity center.

In one exemplary embodiment, the computer device is
further configured for performing a partial feature analysis to
the measured object according to the mass center or gravity
center to reconstruct a pose of the measured object.

In one exemplary embodiment, the 3D image capture
device includes a depth camera.

In short, in the solution proposed by the present invention
for solving the problems in the prior art, a depth map includ-
ing an image of a measured object is firstly acquired and a
background image of the depth map then is filtered out by use
of'a depth threshold. Subsequently, the image ofthe measured
image is found out from the residual image of the depth map
and 3D coordinates of the measured object are calculated
according to the image of the measured object has been found
out. Afterwards, the calculated 3D coordinates are recorded
to reconstruct a 3D moving track of the measured object and
then a locomotion analysis of the measured object is per-
formed according to the 3D moving track. Accordingly, as
long as the locomotion analysis apparatus is designed accord-
ing to the above operation manner, the locomotion analysis
apparatus can automatically and accurately detect the 3D
moving track of the measured object for locomotion analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objectives and advantages of the present inven-
tion will become more readily apparent to those ordinarily
skilled in the art after reviewing the following detailed
description and accompanying drawings.

FIG. 1 is a schematic structural view of a locomotion
analysis apparatus according to an exemplary embodiment.

FIGS. 2A and 2B are a schematic flowchart of alocomotion
analysis method according to an exemplary embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of embodiments are
presented herein for purpose of illustration and description
only. It is not intended to be exhaustive or to be limited to the
precise form disclosed.

FIG. 1 is a schematic structural view of a locomotion
analysis apparatus 10 in accordance with an exemplary
embodiment. As illustrated in FIG. 1, the locomotion analysis
apparatus 10 includes a three-dimensional (3D) image cap-
ture device 100 and a computer device 110. The 3D image
capture device 100 is configured (i.e., structured and
arranged) for sensing a measured object 102 to obtain a depth
map including an image of the measured object 102. The
computer device 110 is electrically/electronically connected
to the 3D image capture device 100 to acquire the depth map.
In the exemplary embodiment, the measured object 102 for
example is a mouse, and the 3D image capture device 100 for
example is a depth camera.

After the depth map is acquired, the computer device 110
filters out a background image in the depth map by use of a
depth threshold. After the background image in the depth map
is filtered out, the computer device 110 would selectively
implement a noise reduction operation for filtering out noise
points in the residual image of the depth map. When the
computer device 110 selectively implements the noise reduc-
tion operation, the computer device 110 finds out the noise
points from the residual image according to an object size
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threshold and removes the noise points have been found out.
Subsequently, the computer device 110 finds out the image of
the measured object 102 from the residual image of the depth
map and calculates 3D coordinates of the measured object
102 according to the image of the measured object 102 has
been found out. In the exemplary embodiment, when the
computer device 110 finds the image of the measured object
102, a connected-component labeling algorithm can be used
to label the residual image of the depth map to generally
obtain multiple labeled sections, and each of the labeled
section in the residual image is determined whether is
matched with the measured object 102 or not, for example,
each of the labeled sections in the residual image is deter-
mined whether has a size and a shape matched with that of the
image of the measured object 102. If it is determined that one
of the labeled sections in the residual image is matched with
the image of the measured object 102, the computer device
110 regards the matched labeled section in the residual image
as the image of the measured object 102. Herein, the con-
nected component labeling algorithm can be considered as a
process of labeling all connected subsets in a binary image
set, and each of the label sections is a subset of connected
pixels.

After the image of the measured object 102 is found out, the
computer device 110 calculates the 3D coordinates of the
measured object 102 according to the image of the measured
object 102 has been found out. In the exemplary embodiment,
the computer device 110 firstly calculates the mass center or
gravity center of the image of the measured object 102, and
then calculates the 3D coordinates of the measured object 102
according to the mass center or gravity center. The computer
device 110 further records the calculated 3D coordinates to
reconstruct a 3D moving track of the measured object 102,
and then performs a locomotion analysis of the measured
object 102 according to the 3D moving track.

Additionally, after the mass center or gravity center of the
image of the measured object 102 is calculated, the computer
device 110 can obtain at least a part of the outline of the
measured object 102 according to the mass center or gravity
center to perform a partial feature analysis to the image of the
measured object 102, so as to reconstruct the pose of the
measured object 102.

According to the description of the above exemplary
embodiments, several basic operation steps of the locomotion
analysis apparatus 10 can be summarized as illustrated in
FIGS. 2A and 2B. FIGS. 2A and 2B are a schematic flowchart
of'a locomotion analysis method applying to the locomotion
analysis apparatus 10 in accordance with an exemplary
embodiment. As illustrated in FIGS. 2A and 2B, the locomo-
tion analysis method includes several steps as follows. Firstly,
as shown in step S21, a depth map including an image of a
measured object is acquired. Subsequently, as shown in step
S22, a background image of the depth map is filtered out by
use of a depth threshold. Afterwards, as shown in step S23, a
noise reduction operation is performed to filter noise points in
the residual image. Then, as shown in step S24, the image of
the measured object is found out from the residual image of
the depth map. Thereafter, as shown in step S25, 3D coordi-
nates of the measured object are calculated according to the
image of the measured object has been found out. Moreover,
the step S25 may include two sub-steps S25-1, S25-2. In the
sub-step of S25-1, a mass center or gravity center of the image
of the measured object is firstly calculated, and then in the
sub-step S25-2, the 3D coordinates of the measured object are
calculated according to the calculated mass center or gravity
center. Next, as shown in step S26, the 3D coordinates are
recorded to reconstruct a 3D moving track of the measured
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object. Finally, as shown in step S27, a locomotion analysis of
the measured object is performed according to the 3D moving
track. After completing the step S25, a partial feature analysis
can be further performed to the image of the measured object
according to the calculated mass center or gravity center to
reconstruct the pose of the measured object, as shown in step
S28.

Sum up, in the solution proposed by the present invention
for solving the problems in the prior art, a depth map includ-
ing an image of a measured object is firstly acquired and a
background image of the depth map then is filtered out by use
of'a depth threshold. Subsequently, the image ofthe measured
image is found out from the residual image of the depth map
and 3D coordinates of the measured object are calculated
according to the image of the measured object has been found
out. Afterwards, the calculated 3D coordinates are recorded
to reconstruct a 3D moving track of the measured object and
then a locomotion analysis of the measured object is per-
formed according to the 3D moving track. Accordingly, as
long as the locomotion analysis apparatus is designed to be
matched with the above operation manner, the locomotion
analysis apparatus can automatically and accurately detect
the 3D moving track of the measured object for locomotion
analysis.

Since the locomotion analysis apparatus proposed by the
present invention can automatically implement locomotion
analysis, the issues of time-consuming and lack of objectivity
caused by manual analysis are solved consequently. Com-
pared with the use of expensive sensor array technology, the
locomotion analysis apparatus proposed by the present inven-
tion has the advantages of low cost, small volume and main-
tenance friendly. Moreover, since the locomotion analysis
apparatus proposed by the present invention can use a depth
camera to obtain the third-dimensional location of the mea-
sured object and filter out the background and noise in the
depth map, which solves the problems that the conventional
single camera only can obtain the two-dimensional location
of the measured object and easily is interfered by light
shadow change and background factors. Compared with the
use of conventional multiple cameras technology, the loco-
motion analysis apparatus proposed by the present invention
can be operative with single depth camera, and thus is without
the synchronization problem and not limited by the view field
of the camera. Accordingly, the locomotion analysis appara-
tus proposed by the present invention would achieve higher
accuracy of 3D locomotion and pose reconstruction of mea-
sured object.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

20

25

30

35

40

45

50

55

6

What is claimed is:

1. A locomotion analysis apparatus comprising:

a three-dimensional image capture device, configured for
sensing a measured object to obtain a depth map includ-
ing an image of the measured object; and

a computer device, electronically connected to the three-
dimensional image capture device, configured for
acquiring the depth map, filtering out a background
image of the depth map according to a depth threshold,
then finding out the image of the measured object from
the residual image of the depth map, calculating three-
dimensional coordinates of the measured object accord-
ing to the image of the measured object has been found
out, recording the three-dimensional coordinates to
reconstruct a three-dimensional moving track of the
measured object and performing a locomotion analysis
of the measured object according to the three-dimen-
sional moving track.

2. The locomotion analysis apparatus according to claim 1,
wherein the computer device is further configured for per-
forming a noise reduction operation for filtering noise points
in the residual image before finding out the image of the
measured object from the residual image.

3. The locomotion analysis apparatus according to claim 2,
wherein when the computer device performs the noise reduc-
tion operation, the noise points in the residual image are
found out according to an object size threshold and then are
filtered out.

4. The locomotion analysis apparatus according to claim 1,
wherein when the computer device finds the image of the
measured object from the residual image, the computer
device labels the residual image of the depth map by a con-
nected-component labeling algorithm to obtain a plurality of
labeled sections, determines whether one of the labeled sec-
tions is matched with the measured object and regards the
matched labeled section as the image of the measured object.

5. The locomotion analysis apparatus according to claim 4,
wherein when the computer device determines whether one
of the labeled sections is matched with the measured object,
the computer device determines whether each of the labeled
sections has a size and a shape matched with that of the
measured object.

6. The locomotion analysis apparatus according to claim 1,
wherein when the computer device calculates the three-di-
mensional coordinates of the measured object, the computer
device firstly calculates a mass center or gravity center of the
image of the measured object and then calculates the three-
dimensional coordinates of the measured object according to
the mass center or gravity center.

7. The locomotion analysis apparatus according to claim 6,
wherein the computer device is further configured for per-
forming a partial feature analysis to the image of the mea-
sured object according to the mass center or gravity center to
reconstruct a pose of the measured object.

8. The locomotion analysis apparatus according to claim 1,
wherein the three-dimensional image capture device com-
prises a depth camera.

#* #* #* #* #*



